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ABSTRACT

lhe sources of excess
107Aq observed in iron meteorites by

Kaiser, Kelly, and Wasserburg (1980) are examined, with cmllnabis

on the reactions of cosmic-ray particle!, with palladium. 1he

cross sections for the production of tht? ~ilver isotopes from

pi~lladiurnby energ~t.ic cosmic-rily part icl”’~ ar[’ evaluat.cclor

~~l;~:+tuciand used to ci.ilculat[’sp,~lloyunic production rate+

relative to that of !2:!Mn from iron, lhe uppur limit.fur ttw

production rate of excps~
10-/

Ag by qilln~t.ic-cosmic-ray ;Iarliclu<

is 400 atums/min/kq(l’d) which, over an cxpoburr aqv 01 IVg

year%, would mak~ only 1% of th[? ob%crved tJxcus\uslof
10’?A!I,

N1’utron-capture reactions with Pd isotq~r% producp mainly 10!JAg.

Binary fis$ion of a sidcrophilic SUl)P1’flL’ilV)/ ~lt~mcnt wuuld h

] f)r,
UMIIPC:LWI to yi~ld morv A!I t.t~iill ‘()’Aq. An i IItPII!il! proton

irradiation in till!early s,olar ~,ystcm ~)pollillll~ Wllill(i l~ruduru il

lower ratio of (l“~l+l/lOUP[l)to (2bA1/2’Al) thiitl obs[’rvcd in

10/m~,t~orit~~, lh[~roforc thu pr~’srnc{!of vxco~s AH ii~ iron

m(’teorite:,with liirq~ lJd/Aq ratios vury Iikoly is duu to thu.

incorporation of G,!} x lofi-year
1(1?l-hiof Illlcll’()%ylltt!(’t ic. U1’iLJill

iII tlwse mrtwrite:l,
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INTRODUCTION

A recent addition to th~ ever-growing list of isotopic anomalies in

meteorites is 1°7Ag. Kelly and Wasserburg (1978), hereafter denoted KW78,

reported excess 1°7Ag in samples of the Santa Clara iron meteorite which had

large Pd/Ag ratios (-104). They found that the Pd isotopic ratios in one of

their Santa Clara samples were normal and that a sample of Canyon Diablo with

a low Pd/Ag ratio had a normal silver isotope ratio. Kelly and Wa\serburg

(1979) [KW79] ga!w more results for samples of Santa Clara and reported that

Tlacotepec, which is a group IVB ataxite like Santa Clara, had a large Pd/Aq

ratio. Kaiser, Kelly, and Wasserburg (1980) [KKW80] found that much of tlw

silver previously analyzed by KW78 and KW79 was contamination. Central piewk

of Santa Clara and Pifion(an anomalous iron meteorite) had very large 107Ag/

10gAg ratios (up to 2.8compar~d tu a normal ratio of 1.08). A central piec(:

of Tlacotepec had a normal silver isotopic ratio. lhe ratio of excess l“’Ag

to 108Pa in the Santa Clara and Pifionmeteorites werv about 1.4 x 10-5 and

1.0 x 10-5, respectively (KKW&Kl). “iheexcesses of ‘[’7Agwere considered by

KW78 and KW79 as evidence for the existencr of G,b x 106-year 107Pd in the

eariy soiar system. However, KKW80 felt th~t.it wa~limportant tn con~i(i~r

othw pos%ible sources ~f excess 107Aq and, po%~illly,of ail til~siivtIrfound

in iron meteorite.

Besides lat~ sta~e nucleosynthesisl the pos%ibl(:suurcrb of ~ilver i%olopr’!,

given by KKW@O were an intense lucal proton irrmlialion in tli~ uariy snlar

system, fission of a transuranic or ~uimrhci’ivy%idcroilhilir~irmunt, and

reactions of Ualactic-cosmic-rdyparticlc~ with ~~al:dlum. Le~ (1970) triwi.,

to explain 160 and 2GA1 isotopic anomaiip~ as tlw rwlit of the intunbu in’ot.on

irradiation of a kmail i)artof tho solnr syhkmwitil a imton hpoctrum which

-4,5varied with energy a> t . Nocvc% (19M) artitw ti~ntiithiun isotopw which
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would be produced by low-energy alpha-particles reactions in such an irradiation

are not found and that an early intense irradiation could not produce the

amount of 26Al needed to explain observed 26Mg isotopic anomalies. Libby,

Libby, and Runcorn (1979) have proposed that many trace elements in iron

meteorites are produced by the fission of a sideraphilic superheavy element.

The “normal” (within 0.05%) Pd isotopic ratios in a Santa Clara sample are

evidence against ~uch a fission source for a significant fraction of the

elements in this region of the periodic table which are found in iron meteorites.

Most iron meteorites have been exposed to cosmic rays for periods of 108

to 109 years; the Fifionand Tlacopetec iron meteorites have measured exposure

agas of 790 t aO and J45 1 55 M~ (1 Ma = 106 years), respectively (Voshage and

Feldmann, 1979). Over such a long exposure, it is possible fcr the production

o! a larq~ nllmberof statJl[Inucl ides by cosmic-ray-induced nuclear reaction:..

[n iron meteorites, the mdin targf’t.for the production of silver isotopeb by

cosmic-ray particles is palladium]. The reactions with palladium which produce

silv~r isotopes are induced mninly by low-energy secondary neutrons mad~ by

the very en~rfl~tic primary galactic-cosmic-ray particles, SUCh reactions can

producp nuclei if]r~latih~ly Iargu yi~lds, Detaiiud calculations of the

pr(l(luctiunrato~,of silvur isotq,wb in iron mt?tenritesthi cosmic-ray reaction~i

aru prv:][~ntcdIwru. lhu otlwr po’.,~lihlpsourcek of tlw
1~”)

A{] isot,oi)icanunl~liu!l

atxJalso exdminwl.

COSMIC-RAY-I’RO[)!I(;lIINUCI IDI!)IN Mill.(.)ltllls

The dut.ails of the lntera~tion~ of cosmic-ray nuclri with mat.tf!rand O!

I
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which originate at the sun and which usually have energies below 100 MeV. The

galactic cosmic rays (GCR) come from outs-

the order of a GeV. Both types of cosmic

alpha particles (with a proton/alpha-part

production by SCR particles in meteorites

de the solar system with energies of

rays consist mainly of protons and

cle ratio of about 10). Nuclide

usually is unimportant because of

meteorite ab:ation in the Earth’s atmosphere and of the relatively tow fluxes

of SCR particles beyond 1 AU, The production of silver isotope:,by SCR particles

will not be considered

The GCR p.rticles

with matter. ThP most

are the neutrons (see,

her~’,

produce many secondary particles when they interact

important secondary particles for nuclide production

e.g., Arnold et al,, 1961). In the moon’s surfac{!,——

there are about 13 neutrons/cm2 s produced with erlergies below 10 MeV (Woolurn

et al., 1975), For meteorites, the incident flux of GCP particles is omnirlirec-——

tional instead of 2n steradians for a lunar sample. Iron prnb~bly yields

slightly more neutrons per interaction of a prim~ry LCR particle, but there

ar~ fewer iron nuclri per unit thickness (in g/cm2) than in the moon, so the

number of secondary neutrons producpd ir~iron met,eorit~s is about tvice that

in tho lunar surface, about 26 neutr~ns/cm2 s for energies below 10 MeV,
#

Approximately 10-15 neutrrms/cnl} s are produced with enerqies above 10 MPV

(mainly with energies between 10 and 50 MeV) which never slow to energies

below iO MeV, Most o? these particlp% only Lraverse a small fraction of a

meteorite, so actual fluxes at cm Iocatlon are much low~t., lhP fluxus of

primary and secondary GCR particles at a 50 q/cm2 depth in the moon (Reedy and

Arnold, 1972) and In the center of the St, 56v~rin ch.ondrite (Kecciyet ~1,,——

1979) are shown in Iig. 1.

Nucllde-pr’educing renctlons lrwolvln~ GCN particlc$ roughly can b~ divid~’d

into thrw ciitegorif!si N:utrons slowed to energlcs nf keV or eV producp
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nuclides by neutron-capture, usually (n,y), reactions. The other two types

of GCR reac~;cns involved more energetic particles (E above about 1 MeVl and

the emission of one or more nucleoils, and are called spallation reactions and

the products often are referred to as “spallogenic” nuclides. The two types

of spallation reactions involve either “high energy” (E - 100 MeV or more)

primary or secondary particles or “low energy” (E - 50 MeV or less) secondary

particles, mainly neutrons. High-energy spallation reactions produce man)’

different nuclides, each one in relatively low yields. Neutron-capture reac-

tions can produce very high yields of a product nuclide if the capturing

nuclei has a large (n,y! cross section (e.g.,
158Gd made by neutron-capture

157reactions with Gd) and if the parent ~;ody is large enough (-100 g/cm2 or

more) to slow neutrons to energies of the order of EV (see, e.g., Eberhardt et—

q., 1963). Usually tlw largest productiol~ rdtes for cosmogonic nuclei involve

low-energy, like (n,?n), reactions because botl: the fluxes of plrticles ~nd

the rea~tion cross sections are relatively large.

GCR PROUJCTION 0} SILVER FROFlPALIADIUM

lhe mair] t,arq~telement. for production} ~f cosrnogenic silver irliron

m~teorit.u~ i~ palladium. Yields of silv~r isotopes by GCR-particle reactiuns

with other elem~nts ar~ luw becall%e Of the iow abundiinceb of thu targ[~telement+,

e.g. , Cd and In (abundances from the compilaticin of Mason, 1971), or the large

inns’,differences betweun the targl~tand pruduct nuclpi (P.q. , Sn) which m~ans

only high-enprgy r~action~ cav producp the product (with low pruduct.ion rat.~:~).

The rcactionb which produce mobt.of the cusmocynic ‘07A;j(or l“7Pd) arc 106Pd(n,y),

lot! 1(M
.,

108 1L0Pd(r~,41])11”Pd(p,p3n), andPd(n,2n), Pd(p,pll), Pd(p,2n), 11°Pd(p,4n).

,~e 100Pd(n,y), 1101’d(rl,2n), 110Pd(p,pn), and 11”Pd(p,211) reactions produce

109A!lor 109Pd (which ral~idlydecay% tu l[]’~Ag),
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The cross sections as a function of energy for the production of 1°gAg

and 109Pd and of 1°7Ag or 1°7Pd from llOPd are shown in Fig. 1. At low energies,

the incident particle is a neutron, and, for energies -100 MeV or greater, the

incident projectile is a proton. The 110Pd(n,2n) 109Pd cross sections between

10 and 20 MeV were evaluat~d from the measured and theoretical cross sections

of Bormann Q q. (1970) and Augustyniak et al, (1977). BF ow 10 MeV and from——

20 to 30 MeV, the data of Bayhurst et al. (1975) for 107Ag(n,2n) and similar.—

reactions were used to get the shape of the 110Pd(n,2n) excitation furiction.

Above 100 MeV, the cross sections are bdsed on measured (p,pn) plus (p,2n)

cross sections with other nuclei. Th~ peak cross section for Che ll”Pd(rl,2n)10gPd

reaction is 1.6 barns at 15 MeV, rrom the trends measured below 28 MeV by

Bayhurst et al. (1975), the 110Pd(n,4n)107 Pd reaction is estimated to have a——

peak cross section of shout 0.8 b at 36 MeV. The cress sections at high

energies for tlw production of mass-107 nuclei from 110Pd are estimated from

cross sections measured for similar reactions.

Mainly becau~e of the long half-life of 107Pd (6.5 Ma), thpr~ are no

measured cross sections for the 108Pd(n,2n)reaction. At 15 MeV, the total non-

elastic reaction cro~s section of neutruils is about 1.5 b. The other reactions

possible with 15 i4evneutrons, mainly (n,p), (n,np), and (n,w), have low crosq

sections (total Df “15 mb,

to JSSUIW that 1°8Pd, like

sections very close to the

see Garber and Kinsey, 1576). lhu~ it seems %afe

other nuclei in this mdss region, has (n,7n) crus~

tutal reaction crosb sections for en~rgies up to

the threshold energy of the (11,311)rmction. 11,,!lUHP[!(ll,?n)l[)7Pdcros~

sections used here are essentially those used for the ll”Pd(n,2n) 1°9Pd ruactiull,

but with the energies shifted to reflect different threshold energies and the

peak cross ~ectlon lowered slightly (to 1,5 b around 16 MeV) becauw of thu

fewer neutrons In the 108Pd nucleus, Above 35 MeV, the same cross sections as

used fot”the production of mass-109 nuclei from iloPd were used.
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The cross sections for forming
107Pd and 109Pd via (n,2n) reactions are

well determined (about tlO%) for the energies at which most of the reactions

The 110 107
occur, below 30 MeV. Pd(n,4n) Pd cross sections probably-have

uncertainties of around t 25%, but only 15% of spallogenic
107Ag is made from

110Pd (the majority

greater, it is very

spallogenic Ag with

cross sections used

Models for the

coming from 108Pd ), At the energies involved, 10 MeV cr

unlikely that there are resonances which can produce

much larger cross sections from 1°8Pd or llOPd than the

here.

fluxes of GCR particles have been developed by Arnold Q

al. (1961) and Reedy et al. (1979) for meteorit~s and by Reedy and Arnold— ——

(1972) for the moon. These models g~nerally ~redict relative trends for

spallogenic nuclei better than they calculate absolute production rates.

Therefore production rates of
107

Ag and 109Ag from Pd are calculated relative

to that of 53Mn from iron. Activities of 53Mn have been measured in many

meteorites and it is madu from Fe by “low-energy” reactions, “Ihecross sections

used for the production of 53Ml~ from iron are those of

below 35 MeV and the exp[’rimental proton-induced cross

~1-.(19)9) abov~ 4!)McV. lhe measllred 53Mn activities

matter is about 1.4 t;me~ those calc~lated ubing these

Reedy anclArnold (1972)

sections of Gensho et.

in extratt’rrestrial

53Mn procluctioflcross,

53sections (see, e.g., Rwdy and Arnold, 197?). lhis Ml)normalization factor

1[)/ -
of 1.4 will be ignored below becauso the production ratios Aq/5JMn and
l~(J

Ag/53M} are calculati~d and wv want. uplwr limit% for production clfsilv~r

isotopes.

lh~ fluxes usrrlto q~t production-rate ratios wpre the S(1OO,L) and

S(10,E) spectra of Arnold et al, (1961), t.hcones for the surface and centrr.—

of th~ 5L. Sdvorin chonctritv of Reedy ~t fl, (1979) and thv lunar ones f.~r

depths of O, 50, 1(IC,200. and 500 g/cm2 of Reedy and Artlold (19)2). 1Ill’
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extremes in spectral shape and therefore in production ratios are for the O

and 500 g/cm2 depths in the moon. The average calculated production-rate

ratios and their standard deviations for these nine spectra, plus the extreme

values (in parentheses), for 1°7Ag (and 1°7Pd) or 109Ag (and
109

Pd) per unit

mass of Pd relative to 53Mn per unit mass of Fe are 1.15 fO.31 (0.69-1.54)

and 0.45 t 0.13 (0.25-0.61). From Pd, the production rata of lC7Ag is 2.6 t 0.1

times that. for

llOPd is 5.8 t

53Mn is needed

10gAg. The ratio for 107figproduction from 108Pd to that from

0.9. To illustrate why a low-energy product from irofilike

to compare with Ag production from Pd, 1(I7Ag/36Cl production

ratios were calculated and found to range from 9 to 212.

A number of measured 53Mn activities in iron meteorites are compiled in

Kohman and Bend~r (1967) and Arnold and Honda (1967). The values range from

undetectable values (less than 15) to 570 * 60 dpm/kcJ(Fe). The average 53Mn

activity was around 300 dpm/kg(Fe). In stone meteorites, Englert and Herr

(1978) reported53 Mn activities of 43 to 557 dpm/!(g(l_e)and gave an average

value of 478 * 84 dpm/kg (Fe). Adopting an upper limit of 600 atoms/mir~/kg

(Fe) for the 53Mn production rate, the maximum production rates for spallcqenic

1°7Ag and 109Ag are 690 and 270 atoms/min/kg(Fd), respectively, Actual silver

production rates in most

about 0.4 of these upper

The upper limit for

iron meteorites by spallation reacti~,~s are probably

limit rates,

the spallogenic production rate of excess
10?AcJ ~s

690 - 270 X (0.5183/0.4817) = 400 atoms/min/kg(Pd), where 0,5183 and 0,4817

are atom abundances of 1°7Ag and 109Ag in natural silver’, respectively.

Because there are 1.511 x 1U74 atoms of
108Pd per kg of Pd, this production

. .

rate of excess 1°7Ag is 4.4 x 10-24 atoms/s/atom(1°8Pd). Most iron meteorites

have exposure ages less than lGa (= 3.2 x 1016 s). Assuming an exposure agc

of 1 Ga, the upper limit for the ratio of excess spallogenic 1°7Aq to 108Pd is
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1.4 x 10-7. This is about

Pi;on iron meteorites.

The only other source

1% of the observed excesses in the

nechanism for cosmogonic silver is

Santa Clara and

neutron capture

in mass 106 and 108 nuclei. Because the cadmium abundances in iron meteorites

are very low, similar to thuse of silver (see compilations in Mason, 1971) and

because the atom abundances and capture cross sections (Lederer et al., 1978)——

for 106Cd and 108Cd are only 1.25% and 1 t 1 b and 0.8% and 1.2 A 0.36 b,

respectively, the production of silver isotopes by nel,tron-capture reactions

with cadmium

sections for

respectively

should be negligible. “Iheatom abundances and capture cross

1°6Pd and 108Pd are 27.3% and 0,29 t 0.03 b and 26.7% and 11 t 2 b,

(Lederer et al,, 1978). Thus logAg is produced 37 times faster——

than 107Ag by thermal neutro,n-capture reactions with Pd. The production ratio

using resonance integrals is 109A9,107A9 = 43. Therefore an excess of 1°7A9

can not be produced by neutron-capture reactions, and neutrcm-capt’Jre reactions

wo,ld diminish the amount of excess 1(.)7Ag made by spallation reactions.

Rates foi neutron-capture reactions in iron meteorites are not well

determined and can vary considerably with the pre-atinospheric s ze of the

meteorite (Eberhardt et al., 1963; Van Dills et al., 1960). The radionuclide—— ——

61)C0is produced mainly by the 59Co(n,y) reaction. Activities of
60

Co in the

Yardymly (often called Aroos) iron meteorite (which had a .,eryhigh 53Mn

activity of 570 * 60 dpm/kg) and in

very large) were 17 t 2 and 95 * 1(I

1967). lhese activities correspond

and 0,83 neutrons/cm7 s, respective’

the Sikhute-Alin iron meteorite (which was

dprn/kg, respectively (Honda and Arnold.

to “thermal” neutron fluxes of about 0,1!s

Y“ [hese fluxes would give rates for tl~e

108Pd(n,y) reaction of about 150 and 836 atoms/min/kg(Pd), respectively, lhe

inclusion of epi~hermal (resonance) neutrons in considering neutron-capture

production of 109Ag probably would increase these rates. ?hus some, or in
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large iron meteorites, even all of the spalloye~ic excess 107Ag could be

“cancelled” by neutron-capture-produced 1°9Ag. Iron has a low total crass

section for neutrons with energies near 24 keV (see compendium of Garber and

Kinsey, 1975), so elements with resonances in this energy region could have

enhanced neutron-capture rates in iron meteorites. However, Fd and Cd do net.

have any strong (n,}) resonances in this energy region (Garber and Kinscy,

1976). In summary, the upper limit for the production rate of excess
10?Ag by

cosmic-ray reactions with Pd in iron meteorites is 400 atoms/min/lig(Pd), and

the actual rate of making excess 1(.)7Ag in most iron meteorites would be quite

smaller.

DISCUSSION

107 1°7Aq*) found in the SaPta C!al”aThe excess Ag (denoted hereafter as .

and Pifioniron meteorites can not be made by reactions of cosmic-ray particles.
-:,

1°7Ag*/108Pc! ratios are 1,0 x 10-5 and 1.4 x 10 ,with Pd, as the measured

lo7Aq* prodL,cedrespectively (KKW80), and the upper limit for cosmogonic .

l~7Ag+08pd ~ ,,7 x 10 .during a 1(19year exposure !s
-7

The upper limit for

1°7Ag*/1°8Pd, 3 X 10-6, measured in Tlacotepec, which had an exposure age of

945 f 55 Ma, is consistent with this upper limit for cusmoqenic 1°7A{J*. 101’

1°7Aq*/lfigPd ratio in most ironreasons given above, the actual cosmogonic -

meteorites is probably around 5 x 10-8 or lower.

As mentioned above, other possible sources for 107Ag* werP ,lucleosyllthe~i~
v

fission of a siderophilic superheavy element (see Libby et al., 1979), an(latl.—

intense local proton irradiation in the early solar system (Lee, 19)8). Tho.

essentially normal Pd isotopic ratios measured by KW78 for a Santa Clara

sample does not exclude the possibility that some excess 1°7Ag is due to the

fission of a superheavy element (SHE). The fission of a nucleus with 2 ‘ W
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produces mare 1°7Ag than 109Ag because such

fission-product yield peaks near A ❑ 90-105

valley of low yield (see, e.g. , Hoffma~ ..ild

nuclei fission asymmetrically with

and A ? 139 and an ir!termedimate

Hoffman, 1974), and such a fission.

pattern produces more mass-107 than mass-109 nuclei. However, fermium (Z = 100)

nuclei fission synnnetricallyor with the ‘ow-mass peak above A = 110 (Huffman

and Hoffman, 1974), so the 107/109 yield ratio is less than 1. Elements witn

Z ~ 100 probably fission in a manner similar to Fm, so it seems unlikely that

fission of a SHE or any trans-fermium nucliue would produce an excess of

1°7Ag. The aksence of fissi~n products with A ~ 110 might. not be good ‘violence

against the presenct?of SHE fission ~roducts in an iron meteorite as the

lowe~t yield peak for SHE binary fissicn might be A m 14(!and thus yields of

A ~ 110 nuclei would be quite low. Also, the fission m~chanism of SHE nuclei

could be quite different from the binary fission processes observed for ndclei

with Z ~ 100.

Lee (1978) proposed that an early intense local proton irradiation with

-4m5
protons having an energy spectrum of L produced ‘% and 26Mg isotopic

anomalies. The exces~ 26Mg in some meteorites i’ ascribed to mat~rial having

26A1 and 27A1 with a 26A1/27Al ratio of 5 x I(IO.72-Ma ‘5(Ler, 1Q78). Ihe

excess 107Ag in the two iron meteorites due to the decay of 6.5-Ma 1°7Pd

1°7Pd/108Pd ratio of 1.0-1.4 x 10-5,required a The low-energy nuclear reactions

107 106 lL17Ag(n,p), a’ldwhich rould pr~duce Pd are Pd(n,y), l“8Pd (p.pn). only

the last reaction !s induced by low-energy protons. Cross sections for the

1°8Pd(p,pn) 107Pd reaction were estimated from analogous reactions and with all

assumed peak cro~% section of 0.25 b around 25 HeV, The cross sections of

Reedy and Arnold (1972) were used for tn~ 26Mg(p,n)2GAl reaction (similar tu

those used by Lee, 1978). The production-rate ratio in a E-4m5 prcton spectrum

of the 26Mg(p,n)26Al and ‘08Pd(p,pn) 107Pclreactions was 9. Assuming a 26Mg~77Al
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ratio of 1.3 (from “hondritic values in Mason, 1971),
26Al relative to 27A1 is

produced 12 times faster than lo7Pd from 108Pd . lhe observed 26Mg and :07Ag

anomalies imply a relative production ratio of around 4, One way to get this

-4.5ratio of 4 from the ratio of 12 calculated for the E spectrum is that the

proton irradiation be stopped and 26A1 allowed to decay for about 1.2 Ma

before condensation. A harder proton spectrum (lower absolute value of the

power-law spectrum exponent) would increase the rate Gf the 1°8Pd(p,pn)lu7Pd

reaction rela’i.iveto the
26

Mg(p,n)26Al reaction rate, but the productiorl of

26A1 by the ‘!7ril(p,Dn]25A1and 28Si(p,n2p)26Al reactions would also increase,

mear~that other possible isotopic anomalies which are not.

have higher production rates. If most of the irra:iidlerimatter

of -(),1 g/cm2 radii, the lowest energy protons would be stopped

products would have a highet yield relative to a (p,n) prlJdUCt

raising the (26A1/27Al)/(107Pd/108?d) production ratio. A harder spectrum

probably would

observed would

were in grains

and the (p,pn)

(see SCR fluxe~ anclpruduction profiles of k~edy and Arnold, 1972). While an

early inlense proton irradiation can not be ruled out as producing
26Al and

107Pd in the eariy snlar system, the 1071Jd/l“%cl ratio being near that.of

26 121All Al makes the parameters of such an irr.wiiationmore complex and make!,

it less likely as a source machani’,m of the 2GMg and 107Ag isotopic anomalies.

The excess 107Ag which was observed in the Santa Clara and Pifioniron

meteorites can not.he produced by a long exposure to cosmic-ray particl~s anti

Its production by fihsi[: seems very unlikely, lhcrefore the titl~s ~f thu

papers by KW78 and KW79 were corrl’et, that is, theru ~ good evidence for the

existence of 1°7Pd in the early solar system. It Is harder to make the amount

of 107
.,

Pd observed in tJ~ese iron meteorites by an early intense proton irradiation

26AI sper, in othrrthan it is to make the

Tlwrefore the excess 107Ag Is very likely

107Pd in these iron meteorites,

mcteoritus by such a mechanism,

due to the d~cay of nucleosynthetic
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FIGURI CAPIION

Fig. 1. Cros5 s~ction% (in barns on left axis) fc~ th~ GCR production of

1°9Pd and l“%g (s0’

llOPd, PIUS th~GCR

Id triangles) or of lorl%land ’07AH (~old r.ircl~s)from

particle fluxe~ (on ri~ht axis) of RedyQ ~. (I!17’J)for

the center of the St. W4verin chondrite (dotted Iin[’)and of Reedy and Arnold

(1972) for a 50g/cm2 depth in the moon (solld line) are ~hown a% a function

01 particl~ energy, lhe scalu for thr ener~ axis changes at 100 Ph#.
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